Virulence of several species of enteropathogenic bacteria has been correlated with the ability of isolates to take up the dye Congo red. To determine whether Congo red uptake might be a useful marker for virulence of motile Aeromonas species, we examined 50 strains of diverse clinical origin on a medium containing 50 ,ug of Congo red per ml. All of the strains took up the dye to various degrees. For most strains, uptake was greatest at 37°C and least at 22°C. Production of acetyl methyl carbinol (Voges-Proskauer test) or lysine decarboxylase has been reported by some investigators to be a virulence marker for Aeromonas species. Congo red uptake did not correlate with either acetyl methyl carbinol or lysine decarboxylase production in our study. These data suggest that Congo red uptake may not be a useful marker for virulence of motile Aeromonas species.
Aeromonads are a ubiquitous group of gram-negative bacilli that are pathogenic for both warm-and cold-blooded animals (14) . In humans, they cause a wide range of extraintestinal infections and are also considered to be a cause of diarrheal illness, although definitive proof for the latter is lacking (7) . Although several potential virulence factors have been described (1, 10, 18, 19) , the role of these factors as a cause of diarrhea is poorly understood. Enteropathogenicity could not be demonstrated clearly in 57 healthy adults fed apparently virulent strains of Aeromonas spp. (12) . Of these volunteers, 55 had no gastrointestinal symptoms; 2 had very mild symptoms of less than 24-h duration.
Understanding the enteropathogenicity of Aeromonas spp. has also been hampered by the unsettled taxonomy of the genus (3, 7) . A recent study revealed that certain phenotypic characteristics, including the expression of a putative virulence-associated marker, may be dependent on incubation temperature (6) .
Uptake of Congo red dye has been shown to be a virulence marker for several pathogenic bacteria, including the enteropathogens Yersinia enterocolitica (15) , Vibrio cholerae (13) , and Shigella species (11, 13) . In Shigella flexneri (11, 17) (6) . Lysine decarboxylase production was determined by using the API 20E system; results were determined after 24 h of incubation.
For comparative purposes, the following 12 nonaeromonads were also included for study: single urinary tract isolates of Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis, Klebsiella pneumoniae, and Staphylococcus aureus; and single strains of coagulase-negative Staphylococcus sp. from skin, Enterobacter aerogenes from a wound, nonpigmented Serratia marcescens from a wound, E. coli from blood, V. cholerae ATCC 9458, Plesiomonas shigelloides from stool, and a heat-labile and heat-stable toxin-producing E. coli isolate from stool (the latter was kindly provided by Richard Guerrant).
Media various shades of orange; they were clearly darker than the surrounding medium, in contrast to colonies that did not take up the dye. Nonaeromonads were incubated at 37°C only. Congo red uptake was considered to be intense whenever the colonies were bright orange or red; colonies that were pale orange were considered to have weak-to-moderate uptake.
To verify that the orange coloration indicated dye uptake rather than passive diffusion of Congo red into the colony interstitium, we examined colonies from 6 Aeromonas strains and 12 nonaeromonads grown on CRA. Colonies were suspended in 0.85% saline after 48 h of growth on CRA. The suspension was then agitated vigorously for 60 s and centrifuged for 30 min at approximately 2,500 rpm (Clay Adams Dynac centrifuge; Becton, Dickinson and Co., Parsippany, N.J.). The cell button was then suspended in saline, agitated vigorously, and centrifuged. It was then examined for color. RESULTS All of the strains grew on CRA, and all of the Aeromonas strains took up Congo red dye. Among different Aeromonas strains, the intensity of uptake varied from pale orange to deep orange-red, but for a given strain, the degree of uptake was related to incubation temperature. Generally, the higher the incubation temperature, the more intense was the uptake (66% of the strains); uptake at 30°C was essentially as intense as that seen at 37°C for 24% of the strains. For 10% of the strains, Congo red uptake at room temperature (22°C) was approximately as intense as that seen at the higher incubation temperatures; for most isolates, however, uptake at room temperature was substantially less than at the higher temperatures. Interestingly, these results appeared to parallel growth in that colony size after 48 h of incubation was generally largest at 37°C, intermediate at 30°C, and smallest at 22°C; this was also true for the two environmental strains studied. Of the 12 nonaeromonads examined, 2 strains did not take up the dye (P. mirabilis and K. pneumoniae), 3 showed minimal uptake (E. aerogenes and 2 E. coli isolates), and the remaining 7 had moderate to very strong uptake.
In the cell-washing experiment, all 6 Aeromonas spp. (4 having weak-to-moderate Congo red uptake and two having intense uptake) and 10 nonaeromonad strains retained the dye with the same intensity as that of the unwashed colonies on the CRA. In other words, the Congo red appeared to be bound to the bacterial cells.
The phenotypic characteristics of the 50 Aeromonas strains studied are summarized in Table 1 . Strains belonging to groups 2 and 3 showed less-intense dye uptake than did strains belonging to groups 1 and 4. Although most group 1 and group 4 isolates took up Congo red avidly, group 1 strains were acetyl methyl carbinol (Voges-Proskauer test) negative and were also negative for lysine decarboxylase production (except for one strain), whereas strains in group 4 produced acetyl methyl carbinol and were mostly lysine decarboxylase positive.
DISCUSSION
As indicated by Holmberg and Farmer (7), many experts believe that Aeromonas spp. cause diarrhea in humans; however, the mechanism by which disease is produced is unknown. Several studies have revealed the existence of potential virulence factors (1, 18, 19) , but the role in disease of these factors remains unclear. Evaluation of strains by some investigators (2, 4, 9) has also led to the discovery of an association between the presence of acetyl methyl carbinol and lysine decarboxylase production and apparent enteric virulence. We did not find an association between Congo red uptake and production of either acetyl methyl carbinol or lysine decarboxylase. In addition, Morgan et al. (12) found that five strains possessing these biochemical characteristics did not cause diarrhea in 55 of 57 adult volunteers. These inconsistencies underscore our lack of understanding of the mechanisms of enteropathogenicity of human aeromonads. Uptake of Congo red dye has been shown to be a marker for virulence in several enteropathogenic and nonenteropathogenic bacteria (11, 13, 15) . We found that motile Aeromonas strains of diverse clinical origin universally took up this dye; this finding suggests either that all isolates were potential enteric pathogens or that Congo red uptake is not a useful virulence marker for this group of organisms. The latter hypothesis is supported by our finding that a variety of nonenteric pathogens also took up the dye.
Ishiguro et al. (8) found that Congo red uptake is a virulence marker for Aeromonas salmonicida (a nonmotile species) and showed that the Congo red is bound to a cell-surface protein involved in virulence of the organism. It should be noted, however, that A. salmonicida has characteristics that make it quite distinct from the motile Aeromonas species (14) . Finally, the greater dye uptake and apparently better growth at higher temperatures are interesting phenomena. Popoif (14) has suggested that the temperature optimum for the motile Aeromonas species is 28°C; our finding that colony size and intensity of Congo red uptake were maximal at 37°C suggests that many strains may readily adapt to a higher temperature. Additional study of this heterogeneous group of organisms is essential to determine their role in human enteric disease.
